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(54) Title: APPARATUS FOR CONVERSION OF H^G Y FROM THE VERTICAL MOVEMENT OF SEAWATCR 


(57) Abstract 

An apparatus for conversion of energy from the 
veitical movement of seawater comprising a bollow 
body (1) being applied substantially upright on the 
sea bottom (2). provided with at least one apexture 
(14) in the wall thextof. in such a way that water is 
free to move into and out of the hollow body, fuither 
comprising by a floating body (7) being moveable 
with lespect to said hollow body in vertical direction 
caused by the movement of die seawater level and 
being in communication with the space in said hollow 
body in order to change the vohime thereof, so that 
a fluid flow is introduced inside the hollow body, 
which is used to drive a propeller being connected to 
energy generating means direcdy or indirectly. 
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APPARATUS FOR CONVERSION OF ENERGY FROM THE VERTICAL 
MOVEMENT OF SE AWATER 

The invention relates to an apparatus for conversion of energy from the vertical 
movement of seawater comprising a hollow body being applied substantially upright on 
the sea bottom provided with at least one aperture in the wall thereof in such a way that 
water is free to move into and out of the hollow body. 

The motion of seawater caused by waves, swell and tide is being used in many 
known proposals for the conversion of its energy. 

According to a first aspect of the inv^tion there is provided an apparatus for 
conversion of energy from the vertical movement of seawater comprising: 

a hollow body being applied substantially upright on the sea bottom, provided with 
at least one aperture in the wall thereof, in such a way that water is free to move into and 
out of the hollow body, 

a floating body being moveable with respect to said hollow body in vertical 
direction caused by the movement of the seawater level, and 

a propeller being coimected to energy generating means, 

wherein the floating body is in conununication with the space in said hollow body 
in order to change the volimie thereof causing a fluid flow inside the hollow body to 
drive the propeller 

Unless the context clearly requires otherwise, throughout the description and the 
claims, the words 'comprise', 'comprising', and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense 
of "including, but not limited to". 


The hollow body has preferably parallel side walls, whereas the floating body 
comprises a cap-like member for closing the top or bottom opening thereof. The cap- 
like member shifts along the side walls of the hollow body up and down along with the 
vertical movement of the seawater. 

According to an embodiment of the invention the cap is provided with valve means 
being in communication with the open air, and outlet is arranged in 
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the cap, the outlet being provided with valve means and 
being in coiniaunication with an air reservoir, wh reas the 
air reservoir is in communicati n with a propeller being 
connected t energy generating means. In this embodiment 
5 the fluid flow introduced inside the hollow body 

* comprises a liquid flow as well as an air flow, whereas 
the air flow is used to drive the propeller. 

In an preferred embodiment the reservoir is 
located in said cap. 

10 An acceleration of the fluid flow is obtained 

when the hollow body is provided with a narrowed passage 
between said side walls. 

In another embodiment of the invention a 
propeller being connected to energy generating means is 

15 provided in the passage. In this embodiment fluid flow 
drives a propeller directly. As a result of the 
acceleration of the fluid in the passage optimal use has 
been made of the drive possibilities of the propeller. 

When the cap is located above the seawater 

20 level, it is provided with at least one aperture. In this 
way the trapped air under the cap can be vented to the 
atmosphere. The cap can be provided with a lid fitting to 
said or each aperture, whereas the lid is actuated by 
pneumatic means. When it is desired the lid can be lifted 

25 from the aperture in order to vent the trapped air. 

Preferably the floating body comprises the cap 
and at least one floating member being connected to the 
cap. The cap moves up and down by the action of the 
floating members. 

30 The effect of the sea movements being 

transmitted to the cap by floating members may be 
amplified by a hydraulic amplifier comprising two 
pistons/ cylinders of different diameter, one piston being 
connected to the floating member and the other piston 

35 being connected to the cap. 

In order to obtain in some embodiments a one 
way rotation of the propeller the blades of th propeller 
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are feathered in accordance with the direction of the 
fluid flow inside the hollow body* 

In a preferred embodiment the blades are 
inserted on shafts which are attach d to pinions which 
5 mate with racks, whereas said racks are attached to 

actuating means. In this way the blades are able to pivot 
into the right angle position in order to rotate the 
propeller one way independent of the direction of fluid 
flow. 

10 In a preferred embodiment the actuating means 

are formed by plates being placed perpendicularly to the 
fluid flow within the hollow body at the top and/or 
bottom of the propeller. The force of the fluid flow 
within the passage pushes the blades of the propeller 

15 into the correct orientation. 

In another embodiment of the invention the 
floating body comprises a membrane separating the fluid 
in the hollow body from the seawater and the fluid itself 
having a lower density than seawater. According to this 

20 embodiment no movable members are applied which require a 
guidance. 

In this embodiment the type and volume of the 
fluid and the shape of the hollow body are selected such 
that upon a predetermined frequency of the vertical 

25 movement of the seawater level, the fluid is oscillated 
with its own natural frequency (resonance) • The amplitude 
of oscillation of the fluid inside the hollow body will 
be maximized when the frequency of oscillation of the sea 
level coincides with the natural frequency of the fluid. 

30 According to the invention it is possible to 

connect the outputs of a nvimber of parallel positioned 
apparatus to a common shaft* 

The invention is elucidated with the help of a 
drawing according to the enclosed figures* 

35 Figure 1 shows a cross-sectional view of the 

first embodiment of the apparatus according to the 
invention. 


Figure 2 shows diagrammically the arrangement of a number of parallel 
apparatuses according to figure 1. 

Figure 3 shows a cross-sectional view of the second embodiment. 

Figure 4 shows a cross-sectional view of the third embodiment. 

Figure 5 shows a cross-sectional view of the fourth embodiment. 

Figure 6 shows a cross-sectional view of the fifth embodiment with another 
configuration of the cap and the hollow body. 

Figure 7 shows a cross-sectional view of the sixth embodiment with a hydraulic 
amplifier. 

Figures 8a and 8b show an embodiment of the blades feathering according to the 
invention. 

Figure 9 shows a cross-sectional view of the seventh embodiment. 
Figure 10 shows a cross-sectional view of the eighth embodiment. 
In every figure the hollow body is indicated with 1 and the floating body is 
indicated with 7. 

The first embodiment of the apparatus according to figure 1 is applied to the sea 
bottom 2 and consists of a hollow body 1 with parallel side walls 3. Inside the hollow 
body 1 a narrowed passage 4 between the side walls 3 is provided. The floating body 7 
comprises a membrane 9 separating the fluid 10 in the hollow body 1 firom the seawater 
and the fluid 10 itself. 

A first space is defined by the inward extensions 5, 6, the wall 3 of the hollow 
body 1 and the flexible membrane member 9. During low level of the sea Nl the 
membrane 9 is in the drawn position whilst upon a high water level N2 the membrane 9 


-4a- 

is displaced in the direction of the arrow P whereas the fluid 10 is moved from the first 
space m upward direction into the second space. The second space is situated in the 
upper part of the hollow body 1 and is defined by the inward extensions _____ 
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5, 6, the wall 3 of the hollow body 1 and the top 8 of 
the hollow body 1. Due to the narrowed passag 4 the 
fluid inside the passage 4 is accelerated. The fluid 
displaced through the passage. 4 drives a propeller 11, 
5 The propeller 11 is connected by means of a shaft 12 to a 
generator 13 for generating electrical energy • Upon 
lowering of the sea level from N2 to Nl the fluid inside 
the second space returns by means of gravity to the first 
space and drives the propeller 11 again. In the lower 

10 wall 3 of the hollow body 1 apertures 14 are provided for 
the inlet of seawater. At the top 8 the apertures 15, 16 
are applied to let the air escape during the filling of 
the second space with fluid. 

In figure 2 apparatuses according to the 

15 invention are standing parallel on the seabed. The outlet 
shaft of each apparatus is connected to a common shaft. 

In the second embodiment according to figure 3 
the apparatus comprises a hollow body. Inside the hollow 
body 1 a narrowed passage 4 is provided between inwardly 

20 extending parts 5, 6. Two spaces 24, 25 are provided on 
both sides of the passage 4. The top 6 of the hollow body 
I is covered by a cap 26 which is connected to floating 
members 27, 28. The floating body 7 comprises the cap 26 
and the floating members 27, 28. The cap is closable by a 

25 lid 29. The lid 29 is movable by means of actuating means" 
30, for example pneumatic means, in order to vent the 
trapped air to the atmosphere. For resonance, the lid 29 
will only be closed when the outer seawater level 
movement is in the same direction as and faster than that 

30 of the seawater level inside the body 1. If by the 
movement of the waves, which is transmitted by the 
floating members 27, 28 to the cap 29, the cap 29 moves 
up and down, the air being trapped between the cap 29 and 
the seawater level inside the body 1 will be compressed 

35 and expanded respectively so that the column of seawater 
will flow through the passage 4 and the turbine 11 will 
be driven. In order to regulate the volume of air inside 
the hollow body 1 the lid 29 can be clos d or opened* 
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At the lower side of the hollow body 1 closable 
apertures 14 are provided. By this the length of the 
fluid coluirm inside the hollow body 1 is adjustable, so 
that its natural frequency can be adjusted to th 
5 frequency of the movement of the seawater. 

Inside the cap transducers 34, 35 are provided 
to measure the velocity of movement of the cap in 
relation to the top surface of the water column. 

The third embodiment of the apparatus according 

10 to the invention is shown in figure 4. The apparatus 

comprises a hollow body 1 which stands on the sea bed by 
means of feet 17, leaving apertures 14 for the inlet of 
the seawater. The top of the hollow body 1 is enclosed by 
a cap 26 which is free to move up and down by the action 

15 of floating elements 27, 28 which are in turn moved by 
the sea waves. As the floating elements 27, 28 move 
upward on a wave, it will cause the cap 26 to move upward 
relative to the hollow body 1. An air propeller 11 is 
mounted onto the cap 26 and is connected to a generator 

20 13 which is supported on the cap by frame 18. 

This arrangement provides a dynamic system 
which is in effect a series connection of two springs* 
The air which is compressed under the cap 26 behaves as a 
spring and the water in the hollow body 1 will behave 

25 like a spring as a result of archimedes principle. As the 
cap 26 moves, air will be compressed and stretched. This, 
in turn, will cause the water to oscillate in the hollow 
body 1. The propeller 11 will be equipped with blades 
which can be feathered so that the rotation will always 

30 be in the same direction regardless of the direction of 
movement of the cap 26. The level of damping applied by 
the propeller 11 must optimize the hydrodynamic behavior 
of the oscillating water column in the hollow body 1 so 
that the device is tuned to the primary frequency of the 

35 swell. 

Figure 5 shows another embodiment of the 
apparatus according to the invention. In contradiction to 
the embodiment of figure 3 this embodiment is c mpletely 
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located under the seawater level. Under the action of the 
floating element 27 the cap 26 is being moved up and down 
along the side walls 3 of the hollow body 1. The wat r 
flow through the passage 4 drives a propeller 11. The 
5 propeller 11 is connected through a gear box 21 to a 
drive shaft 22 which in turn may be geared to drive a 
generator which is situated above sea level at some 
distance from the hollow body 1. 

Figure 6 shows another configuration of the cap 

10 26 and the hollow body 1. In this embodiment the 

generator 13 is situated at the top 8 of the hollow body 
1 and the cap 26 is moved from below « In this case the 
hollow body 1 is supported by feet 17. Water is free to 
enter the top of the hollow body 1 through apertxires 15, 

15 16 which are positioned just below the seawater level of 
the lowest tide. 

In figure 7 an embodiment is shown which uses a 
hydraulic amplifier 23. The hydraulic amplifier 23 is 
supported by feet 35 which stsmd on 1:he sea bed. The 

20 floating element 27 is connected to a piston 31 having a 
larger diameter than the piston 32 which is connected to 
the cap 26. The piston 31 connected to the floating 
element 27 moves in the upper part 3 3 of the amplifier 23 
having the larger diameter and the piston 32 connected to 

25 the cap 26 moves in the lower part 34 of the amplifier 23 
having the smaller diameter • It is clear that the cap 26 
movement will be amplified with a gain which is given by 
the square of the ratio between the large and small 
diameters . 

30 The embodiments of figure 1, 3, 5, 6 and 7 

using a propeller driven by the displacements of liquid, 
i.e. fluid 10 or seawater, have a disadvantage in that 
its rotation will be reversed as the fluid flow is 
reversed through the passage. This can be counteracted by 

35 using a propeller which allows the blades to be feathered 
in accordance with the direction of the fluid flow. 

Figure 8 shows a possible embodiment of a 
propeller 11 with f atherable blades. The blades ar not 
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Shown, but are held in slots 36, which ar cut in the 
body of shafts 37. The shafts 37 ar attached within the 
body of the propeller 11 to pinions 38 which mate with 
racks 39. The racks 39 ar attached at the top and the 
5 bottom to platfes 40, 41; which are free to move up and 
down along the propeller drive shaft 12* Referring to the 
drawing, if the top plate 40 is pushed downward, the 
racks 39 will rotate the pinions 38, so that the slots 36 
are rotated clockwise through 90 degrees. This means that 

10 the blades will rotate through 90 degrees. Conversely, if 
the bottom plate 41 pushes upward again the slots 36 will 
take up the orientation shown in the figure. If these 
rotations take place just on the point of reversal of 
fluid flow, the propeller 11 will continue to rotate in a 

15 uniform direction, thus minimizing inertia forces within 
the propeller 11. 

Another possibility of dealing with the 
reversed fluid flow problem is using an arrangement like 
that of fig.. 9. The cap 26 is provided with an inlet 

20 valve 19 being in communication with the open air and an 
outlet valve 20 being in communication with a reservoir 
42 through a duct 43. The propeller 11 connected to the 
generator 13 is arranged in an outlet passage of the 
reservoir 42. On the upward stroke of the cap 26 air will 

25 be sucked in through inlet valve 19 whilst the outlet 

valve 20 remains closed. On the downward stroke the inlet 
valve 19 will close whilst the outlet valve 20 will open 
so that the air from under the cap 26 is transferred 
through duct 43 to the reservoir 42. The air in the 

30 reservoir is used to drive the propeller 11 which does 
not need to have featherable blades* 

In the embodiment of figure 10 the reservoir 42 
is advantageously provided under the cap 26. The 
functioning resembles that of the embodiment of figure 9, 

35 with the difference that air will be storage in the 
reservoir 42 under the cap 26 and will drive the 
propeller 11 which is mounted onto the cap 26. 


In the embodiments using a ozp 26, the cap 26 is free to rotate and means can be 
used to automatically position the cap 26 so as to allow the floating members 27, 28 to 
face the incoming wave front. 

It is remarked that it is further possible to install a wind tuibine for forcing swells 
in the sea level. This can be employed under circumstances that the sea is relatively 
calm whereas there is a strong wind. The conversion of wind ^ergy into waves in the 
water can be done by any suitable means for example by blowing jet streams on the sea 
level or otherwise. 

Although the invention has been described with reference to specific examples it 
will be appreciated to those skilled in the art that the invention may be embodied in 
many other forms. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1 . Apparatus for conversion of energy from the vertical movement of seawater j 

1 

( 

comprising: } 
a hollow body being applied substantially upright on the sea bottom, provided with ! 

5 at least one aperture in the wall thereof, in such a way that water is free to move into and !- 

1 

out of the hollow body, { 

i 

a floating body being moveable with respect to said hollow body in vertical 

I 

direction caused by the movement of the seawater level, and \ 

i 

a propeller being connected to energy generating means. i 
10 wherein the floating body is in communication with the space m said hollow body 

in order to change the volume thereof causing a fluid flow inside the hollow body to 
drive the propeller. 

2. Apparatus according to claim 1 , wherein said hollow body includes parallel side 
walls, and said floating body comprises a cap*like member for closing the top or bottom 

15 opening thereof. 

3. Apparatus according to claim 2, wherein said cap is provided with valve means 
being in communication with the open air, an outlet is arranged in said cap, said outlet 
being provided with valve means and being in communication with an air reservoir, 
whereas said air reservoir is in communication with the propeller being connected to 

20 energy generating means. 

4. Apparatus according to claim 3, wherein said reservoir is located in said cap. j 

5. Apparatus according to claim 2, wherein said hollow body is provided with a \ 
narrowed passage between said side walls. I 

] 

i 
t 

L ^ 
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6. Apparatus according to claim 5, wherein the propeller is connected to energy 
generating means provided in said passage. 

7. Apparatus according to claun 2, 5 or 6, wherein the is provided with at least 
one aperture. 

8. Apparatus according to claim 7, wherein the cap is provided with a lid fitting to 
said or each aperture and said Ud is actuated by pneumatic or any other means. 

9. Apparatus according to any one of claims 2 to 8, wherein said floating body 
comprismg said cap and at least one floating member being connected to said cap. 

10. Apparatus according to claim 9, wherein a hydraulic amplifier is provided, said 
ampUfier comprising two pistons/cylinders of different diameter, one piston being 
connected to said floating member and the other piston being connected to said cap. 

1 1 . Apparatus according to any one of claims 6 to 10, wherein the blades of said 
propeller are feathered in accordance with the direction of the fluid flow inside said 
hollow body. 

12. Apparatus according to claim 1 1 , wherein said blades are inserted on shafts which 
are attached to pinions which mate with racks, whereas said racks are attached to 
actuating means. 

13. Apparatus accordmg to claim 12, wherein said actuating means is foraied by plates 
which are placed perpendicularly to the fluid flow within said passage at the top and/or 
bottom of said propeller. 

14. Apparatus according to claim 1, wherein said floating body comprises a 
membrane, which separates the fluid in said hollow body fix)m the seawater, and wherein 
said fluid has a lower density than seawater. 
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15. Apparatus according to claim 14, wherein the type and volume of said fluid and 
the shape of said hollow body are selected such that upon a predetermined frequency of 
the vertical movement of the seawater level, the fluid is oscillated with its own natural 
frequency. 

16. Arrangement of parallel provided apparatuses according to any one of claims 1 to 
IS, wherein the outlet shaft of each apparatus is connected to a common shaft. 

17. An apparatus for conversion of energy from the vertical movement of seawater 
substantially as herein described with reference to any one of the embodiments of the 
invention illustrated in the accompanying drawings and/or examples, 

DATED this 29th day of March, 2000 

ZAKARIA KHALIL DOLEH, RANY ZAKARIA DOLEH AND JOHN DOUGLAS 
LOCK 

Attorney: JOHND. FORSTER 
Fellow Institute of Patent and Trade Mark Attorneys of Australia 
of Baldwin Shelston Waters 
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